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(54) Solid state close-up imaging apparatus 

(57) A solid state close-up imaging apparatus is 
mounted to take in light reflected at a microscopic object 
to carry out photoelectric conversion of a formed image 
through an image pickup device. The solid state close- 
up imaging apparatus includes a black box with the trun- 
cated quadrangular prism form having an internal black 
space and having the image pickup device accommo- 
dated in the black space, and a pinhole provided in a top 
surface of the black box with the truncated quadrangular 
prism form, and a light emitting device mounted to 
extend along a side surface of the black box with the 
truncated quadrangular prism form. It is thereby possi- 
ble to eliminate the need for lens, and provide the com- 
pact and lightweight solid state close-up imaging 
apparatus which can be moved to a desired position for 
close-up. 



F I G. 1 




CM 
< 
CM 

CO 

o> 

O 



BEST AVAILABLE COPY 



Q_ 
LU 



Printed by Xerox (UK) Business Services 
2.16.7 (HRS)/3.6 



BNSDOCID: <EP 1 07961 2A2_I_> 



1 



EP 1 079 612 A2 



2 



Description 

[0001] The present invention relates to a solid state 
close-up imaging apparatus to pick up a close-up image 
of a small size (i.e. microscopic) object. More particular, 
the invention relates to a solid state close-up imaging 
apparatus using the principle of a pinhole camera. 
[0002] In recent years, there have been proposed 
many imaging means using a solid state imaging device 
as an endoscope apparatus to observe a microscopic 
portion in a body, which can not directly be observed by 
the naked eye. 

[0003] An endoscope using the solid state imaging 
device as the imaging means includes the endoscope 
with a built-in solid state imaging device disclosed in 
Japanese Laid-open Patent Application No. Sho 60- 
221719 (221719/1985:*^ prior art"). The endoscope 
disclosed by the application for the purpose of improv- 
ing packaging density of the solid state imaging device 
and realizing miniaturization thereof, characterizes the 
solid state imaging device attached to a flexible printed 
wiring board is accommodated in an insertion portion 
on the end as shown by Fig. 9. 

[0004] Further, the prior art having a technical field 
similar to the present invention includes a partial dis- 
charge monitoring apparatus disclosed in Japanese 
Laid-open Patent Application No. Hei 5-119103 
(119103/1993: "second prior art"). In the second prior 
art, as shown by Fig. 10, a pinhole 42 is provided in a 
body 41 of a tank 40, and a black box 43 is positioned to 
be communicated with the inside of the tank through the 
pinhole 42. A solid state imaging device 44 is disposed 
in the black box 43 to produce an image by light passing 
through the pinhole 42 and convert the image into a 
video signal, and the video signal is fed to a CRT 46 
through an image-amplification processor 45, resulting 
in displaying the image. 

[0005] The prior art having the technical field similar 
to that of the present invention also includes a semicon- 
ductor imaging apparatus disclosed in Japanese Unex- 
amined Patent. Publication No. 10-65132. In the third 
prior art, as shown in. Fig. 1 1 , the semiconductor imag- 
ing apparatus is mounted to take in light to be imaged 
and carry out photoelectric conversion of the formed 
image through an image pickup device 51. The semi- 
conductor imaging apparatus includes a package 52 
having an internal black space and an image pickup 
device accommodated in the black space, and a pinhole 
53 to take in the black space the light to be imaged and 
produce an image of an object on an imaging surface of 
the image pickup device 51. 

[0006] The above-mentioned prior arts, however, 
has the problems as will be discussed beiow. 
[0007] According to the first prior art, in the endo- 
scope with the built-in solid state imaging device, three 
lens are employed to cause the solid state imaging 
device to produce an image of an object as shown in 
Fig. 9 so that highly precise machining is required for 



clear imaging by a combination of the lens. Thus, there 
are a first problem of an expensive apparatus seriously 
affected by vibration and shock, a second problem of 
poor operability due to heavy weight of both the lens 
5 and a frame thereof, and a third problem of a dark 
image or a partially unclear image due to dirt or conden- 
sation caused on a cover glass or the lens. Further, 
there are a fourth problem unique to the lens, in that the 
lens can provide due to shallow depth of field an image 
io which becomes clear only at a focused position in case 
of an object having a greater depth, and a fifth problem 
in that the lens is employed to produce the image of the 
object, resulting in a large-sized apparatus unsuitable 
for ciose-up use. 

15 [0008] Further, according to the second prior art, 
the partial discharge monitoring apparatus, disclosed in 
Japanese Laid-open Patent Application No. Hei 5- 
119103 (119103/1993), is mounted to monitor dis- 
charge in the tank. Hence, a pinhole camera is fixed to 

20 the tank, and can not be moved to a position to be mon- 
itored for close-up. In addition, the apparatus used only 
to monitor the discharge includes no lighting system. 
[0009] Further, according to the third prior art, the 
semiconductor imaging apparatus disclosed in Japa- 

25 nese Laid-open Patent Application No. Hei 10-65132 
(65132/1998) has no lighting' system for the object. 
Therefore, when the apparatus is used for close-up, it is 
impossible to produce .an image, with high contrast 
enough to distinguish the object by a slight amount of 

30 light at a time of close-up. For example, when doing por- 
trait photography, an object has an amount of light per 
square meter. In contrast with this, in the close-up, the 
object has only an amount of light per square centime- 
ter, i.e., an amount of light corresponding to one ten 

35 thousandth of the amount of light in case of the portrait. 
[0010] Further, in the semiconductor imaging appa- 
ratus according to the third prior art, no consideration is 
given to an effect due to interference of the light to be 
imaged. In the prior art, it is known in the pinhole cam- 

40 era that, when a pinhole has a hole diameter of 0.2 mm 
or less, the obtained image becomes unclear due to the 
increased effect of the optical interference. Since the 
pinhole has a diameter in an approximate range of sev- 
eral tens to several hundreds microns in the third prior 

45 art, it is impossible to provide a clear image due to opti- 
cal diffraction. 

[0011] Further, in the semiconductor imaging appa- 
ratus according to the third prior art, the cover glass is 
associated with the pinhole, resulting in a problem of a 
so decreased amount of light due to partial reflection on 
the cover glass and impurity in the glass, and other 
problems of dirt and condensation caused on the cover 
glass. 

[0012] Further, when the cover glass is disposed 
55 inside the black box, light is reflected at both a glass sur- 
face and the imaging device therebetween, resulting in 
a defect of lower resolution. 

[0013] Further, when the cover glass is disposed 
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outside the black box, light emitted from a portion 
except the object is also reflected at a glass, and the 
object is irradiated with the light, resulting in a problem 
of an unclear image due to variations in an amount of 
light. 5 
[0014] in view of the foregoing problems, it is an 
object of the present invention to provide a compact and 
lightweight solid state close-up imaging apparatus 
which can be moved to a desired position for close-up. 
[0015] According to the present invention as w 
claimed in claim 1, for achieving the above-mentioned 
object, there is provided a solid state close-up imaging 
apparatus to pick up a desired image(s) by using the 
principle of a pinhole camera. In the solid state close-up 
imaging apparatus including light irradiating means for is 
irradiating an object with light, the object is disposed at 
a close position, and the desired image is obtained by 
taking in the light irradiated by the light irradiating 
means and reflected at the object. 

[0016] According to the present invention as 20 
claimed in claim 2, there is provided a solid state close- 
up imaging apparatus according to claim 1, in which the 
black box takes in the light reflected at the object dis- 
posed at the close position through a pinhole provided 
in the black box to have a predetermined pinhole diam- 25 
eter, and the image of the object is produced on a light 
receiving surface of an image pickup device disposed in 
the black box. 

[0017] According to the present invention as 
claimed in claim 3, there is provided a solid state close- 30 
up imaging apparatus according to claim 2, in which the 
pinhole is formed to have a diameter less than 0.3 mm, 
and the image pickup device is disposed at a position 
close to the pinhole. 

[0018] According to the present invention as 35 
claimed in claim 4, there is provided a solid state close- 
up imaging apparatus according to claim 3, in which the 
black box is formed to have a distance of 1 0 mm or less 
between the pinhole. and a light receiving surface of the 
image pickup device. 40 
[0019] According to the present invention as 
claimed in claim 5, there is provided a solid state close- 
up imaging apparatus according to claim 3, in which the 
black box is formed to have a distance in the range of 3 
to 1 0 mm between the pinhole and a light receiving sur- 45 
face of the image pickup device. 

[0020] According to the present invention as 
claimed in claim 6, there is provided a solid state close- 
up imaging apparatus according to any one of claims 1 
to 5, in which the object is disposed at a position spaced so 
a distance substantially equivalent to a length between 
the pinhole and a light receiving surface of the image 
pickup device. 

[0021] According to the present invention as 
claimed in claim 7, there is provided a solid state close- 55 
up imaging apparatus according to any one of claims 1 
to 5, in which the object is disposed at a position spaced 
substantially one half a length between the pinhole and 



a light receiving surface of the image pickup device. 
[0022] According to the present invention as 
claimed in claim 8, there is provided a solid state close- 
up imaging apparatus according to any one of claims 2 
to 5, in which the object is disposed at a position spaced 
n apart from the pinhole with respect to a length m 
between the pinhole and a light receiving surface of the 
imaging pickup device. 

[0023] According to the present invention as 
claimed in claim 9, there is provided a solid state close- 
up imaging apparatus according to any one of claims 1 
to 5, in which the solid state close-up imaging apparatus 
picks up an image of the object spaced 2 cm or less 
apart from the pinhole. 

[0024] According to the present invention as 
claimed in claim 10, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 1 to 9, in which the solid state close-up imaging 
apparatus sets to 5 mm or less a height of an object to 
be imaged. 

[0025] According to the present invention as 
claimed in claim 1 1 , there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 1 0, in which the black box is provided in the 
frustum form. 

[0026] According to the present invention as 
claimed in claim 12, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 10, in which the black box is provided in the 
gable roof form. 

[0027] According to the present invention as 
claimed in claim 13, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 10, in which the black box is provided in the 
hemispherical form. 

[0028] According to the present invention as 
claimed in claim 14, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 11 to 13, in which the light irradiating means is 
disposed to extend along a side surface of the black box 
so as to irradiate with light the object disposed in front of 
the pinhole. 

[0029] According to the present invention as 
claimed in claim 15, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 14, in which the image pickup device is a 
charge coupled device. 

[0030] According to the present invention as 
claimed in claim 16, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 14, in which the image pickup device is a 
CMOS image sensor. 

[0031] . According to the present invention as 
claimed in claim 17, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 16, in which a bottom surface of the black 
box includes a printed circuit board. 
[0032] According to the present invention as 
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claimed in claim 18, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 2 to 16, in which a bottom surface of the black 
box includes a flexible printed circuit board. 
[0033]: According to the present invention as 
claimed in claim 19, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 1 to 18, in which the light irradiating means 
includes a light emitting diode or a laser diode. 
[0034] According to the present Invention as 
claimed in claim 20, there is provided a solid state 
close-up imaging apparatus according to any one of 
claims 1 to 18, in which the light irradiating means intro- 
duces light emitted by a light emitting device to the 
object via an optical fiber, and irradiates the object. 
[0035] A description will now be given of the opera- 
tion of the solid state close-up imaging apparatus hav- 
ing the above structure. 

[0036] According to the present invention, the 
object is irradiated with the light from the light emitting 
device,, and the desired image is obtained on the princi- 
ple of the pinhole camera by using the light reflected at 
the object It is thereby possible to solve a problem of an 
insufficient amount of light at a time of close-up of the 
object, and produce an image with high contrast enough 
to distinguish the object. 

[0037] Further, the black box takes in the light 
reflected at the object disposed at ..the /close position 
through' the pinhole provided in theblack box to have 
the predetermined diameter. The image of the object is 
produced on the light receiving surface of the image 
pickup device disposed in the black box. The light 
reflected at the object produces the image on the light 
receiving surface of the image pickup device through 
the action of imaging by the pinhole. It is thereby possi- 
ble to realize production of the image by the reflected 
light by using the pinhole instead of lens. 
[0038] The black box is formed such that, with the 
pinhole having a microscopic hole diameter less than 
0.3 mm, the distance between the pinhole and the light 
receiving surface of the image pickup device is set to 10 
mm or less. As a result, it is possible to pick up the 
image having the great depth of field, and pick up the 
clear image. Additionally, it is possible to make the black 
box smaller, and image the magnified occlusion portion, 
such as portion in a human body or a narrow gap, which 
can not directly be observed by the naked eye. 
[0039] It is also possible to provide an image m/n 
times as large as the object by disposing the object at a 
position spaced n apart from the pinhole with respect to 
a length m between the pinhole and the light receiving 
surface of the imaging pickup device. 
[0040] Further, the black box is provided in any one 
of the frustum form, the gable roof form, and the hemi- 
spherical form. It is thereby possible to direct toward the 
object the light irradiating means extending along the 
side surface of the black box, and obtain the clear 
image. 



Fig. 1 is a sectional view showing a structure of an 
imaging portion in the first embodiment according 
to a solid state close-up imaging apparatus of the 
present invention; 

5 Fig. 2 is a photograph of an experimental result 

using the apparatus of the present invention; 
Fig. 3 is a photograph of an experimental result of 
the apparatus of the present invention; 
Fig. 4 is a photograph of an experimental result of 

io the apparatus of the present invention; 

Rg. 5 is a photograph of an experimental result of 
the apparatus of the present invention; 
Rg. 6 is a block diagram showing a configuration of 
an image processing portion according to the solid 

is state close-up imaging apparatus of the present 
invention; 

Rg. 7 is a perspective view showing an appearance 
of a black box in the second embodiment according 
to the solid state close-up imaging apparatus of the 

20 present invention; 

Rg. 8 is a perspective view showing an appearance 
of a black box in the third embodiment according to 
the solid state close-up imaging apparatus of the 
present invention; 

25 Rg. 9 is a diagram showing a structure of a prior art 
apparatus; 

Rg: 10 is a diagram showing a structure of a prior 
art apparatus; and 

Rg. 11 is a diagram showing a structure of a:prior 
30 art apparatus. 

[0041] A detailed description will now be given of 
preferred embodiments according to a solid state close- 
up imaging apparatus of the present invention referring 

35 to the accompanying drawings. Figs. 1 to 8 show the 
preferred embodiments according to the solid state 
close-up imaging apparatus of the present invention. 
[0042] Fig. 1 shows a sectional structure of an 
imaging portion 20 in the first embodiment according to 

40 the solid state close-up imaging apparatus of the 
present invention. As shown in Fig. 1 , in the structure of 
the imaging portion 20 of the solid state close-up imag- 
ing apparatus, an image pickup device 2 is accommo- 
dated in a black box 1 with a truncated quadrangular 

45 prism form including a light shielding plate 7 and a 
printed board 5. A pinhole 6 is provided in a top face of 
the black box 1 with the truncated quadrangular prism 
form having the printed board 5 as a bottom face. The 
pinhole 6 is opposed to a light receiving surface 3 of the 

so image pickup device 2. The image pickup device 2 is 
fixed to the printed board 5, for example, by soldering a 
terminal of the image pickup device 2 to the printed 
board 5. A flexible printed board 8 is connected with the 
printed board 5 at a surface on the side opposed to the 

55 black box 1, and transmits an electric signal from the 
printed board 5 to an image processing portion 32 as 
will be discussed infra. 

[0043] *The black box 1 including the light shielding 
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plate 7 and the printed board 5 is shielded such that no 
external light can enter the black box 1 through a portion 
except the pinhole 6. Dull surface treatment and/or 
black surface treatment is made to the inside of the fight 
shielding plate 7 so as to prevent diffusion of light inside 
the black box. i 
[0044] Additionally, as shown in Fig. 1, a light emit- 
ting device 4 extends, to light an Imaging object, along a 
side surface of the black box 1 with the truncated quad- 
rangular prism form. Since the black box 1 has the trun- 
cated quadrangular prism form, the light emitting device 
4 can emit light toward an object 1 6. Further, light emit- 
ted from the light emitting device 4 has an emission 
angle of about 20 degrees so that the entire imaged 
area of the object 16 can completely be illuminated. 
[0045] A lead wire 1 2 extends from the light emitting 
device 4, and is connected to the printed board 5 sup- 
plying power to the light emitting device 4. The light 
emitting device 4 uses light reflected at the object 16 to 
provide an enough amount of light to actuate the image 
pickup device 2. Here, a LED (Light Emitting Diode) or a 
laser diode is employed as the light emitting device 4 to 
emit white light with wavelengths ranging from 400 to 
800 nm. Further, a CCD (Charge Coupled Device) or a 
CMOS image sensor is used as the image pickup 
device 2 to cover the entire wavelength range of light 
emitted from the light emitting device 4. 
[0046] Cases 10, 1 1 are supporting means for sup- 
porting in view of strength and protecting from damage 
the printed board 5, the flexible printed board 8, and the 
black box 1 . 

[0047] A case 9 supports the light emitting device 4, 
and protects the light emitting device 4 and the lead wire 
12 thereof. 

[0048] In the embodiment having the above struc- 
ture, the pinhole provided in the black box 1 has a hole 
diameter less than 0.3 mm, and a distance between the 
pinhole and the light receiving surface of the image 
pickup device 2 is set to 10 mm or less. The reason why 
these settings are required will now be discussed. 
[0049] In the prior art, it has been an established 
theory in the pinhole camera that, as the pinhole diam- 
eter is made smaller, the resultant image becomes 
more unclear due to the optical interference. The 
present invention relates to a solid state close-up imag- 
ing apparatus for pinhole type characterized by the dis- 
tance between a pinhole and the image pickup device is 
more shorter (e.g. 10 mm or less) than the former pin- 
hole camera which distance has been a tenth cm order. 
Hence, And it is shown by experimental results that a 
clear image can be provided without the effect of the 
optical interference in case of a short distance between 
the pinhole 6 and the light receiving surface 3 of the 
image pickup device 2. 

[0050] A detailed description will now be given of 
the experiment to determine the above-mentioned rela- 
tionship between the hole diameter of the pinhole 6 and 
definition of the image on the light receiving surface 3. 



In the experiment, a distance between the pinhole 6 and 
the light receiving surface 3 was set to 7.5 mm, and a 
distance between the pinhole 6 and the object 16 was 
set to 7 mm. The light receiving surface 3 of the image 
5 pickup device 2 had a size of 7 x 7 mm, and black letters 
"88'' with height of 2 mm was printed on a white paper 
as the object. 

[0051] Fig. 2 is a photograph taken when the hole 
diameter of the pinhole 6 was set to 0.4 mm. As shown 
io in Fig. 2, when the object was imaged with the hole 
diameter of 0.4 mm, it was impossible to read the letters 
in the resultant image. 

[0052] Fig. 3 is a photograph taken when the hole 
diameter of the pinhole 6 was set to 0.3 mm. As shown 

15 in Fig. 3, when the object was imaged with the hole 
diameter of 0.3 mm, the letters could be read a little in 
the resultant image, but the image was still unclear. 
[0053] Fig. 4 is a photograph taken when the hole 
diameter of the pinhole 6 was set to 0.2 mm. As shown 

20 in Fig. 4, when the object was imaged with the hole 
diameter of 0.2 mm, it was possible to see clearly letters 
in the resultant image. 

[0054] Fig. 5 is a photograph taken when the hole 
diameter of the pinhole 6 was set to 0.1 mm. As shown 
25 in Fig. 5, when the object was imaged with the hole 
diameter of 0.1 mm, it was also possible to see clearly 
letters in the resultant image. 

[0055] As is evident from the experimental results, 
with the short distance between the pinhole 6 and the 
30 image on the light receiving surface 3, as the hole diam- 
eter of the pinhole is made smaller, the definition of the 
image can be more improved. 

[0056] . That is, a relationship between the hole 
diameter of the pinhole and diffraction can be written by 
35 the following expression: 

d= (0.61 X) x X/D (1) 

where D denotes a hole diameter of the pinhole, 
40 A, is wavelength of light passing through the pinhole, X is 
the distance between the pinhole and the light receiving 
surface of the image pickup device, and d is a diameter 
obtained by the diffraction. 

[0057] As the hole diameter D of the pinhole is 
45 made smaller, the diameter d by the diffraction becomes 
larger, resulting in an unclear image. However, in the 
embodiment, the hole diameter D of the pinhole is made 
smaller, and the distance X between the pinhole and the 
light receiving surface of the image pickup device is set 
50 shorter. It is thereby possible to minimize the diameter d 
by the diffraction, and provide a clear image. 
[0058] Next a description will be given of a relation- 
ship between the size of the object to be imaged, and 
the distance between the pinhole and the light receiving 
55 surface of the solid state imaging device, or the distance 
between the pinhole and the object while making a com- 
parison between the third prior art, i.e., the semiconduc- 
tor imaging apparatus disclosed in Japanese Laid-open 
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Patent Application No. Hei 10-65132 (65132/1998) and 
the embodiment 

[0059] In general, a relationship in the pinhole cam- 
era between the object and the image can be written as 
the following expression (2): 

a = b x m/n (2) 

where b is height of the object, a is height of the 
image, m is the distance between the pinhole of the pin- 
hole camera and the image, and n is the distance 
between the pinhole and the object. 
[0060] According to the third prior art, the semicon- 
ductor imaging apparatus disclosed in Japanese Laid- 
open Patent Application No. Hei 10-65132 
(65132/1998) has no lighting system for the object. 
Therefore, when the apparatus is used for the close-up, 
it is impossible to produce an image with high contrast 
enough to distinguish the object by a slight amount of 
light at a time of close-up. For example, when doing por- 
trait photography, an object has an amount of light per 
square meter. In contrast with this, an object has only an 
amount of light per square centimeter, he., the amount 
of light corresponding to one ten thousandth of the 
amount of light in case of the portrait. Consequently, the 
semiconductor imaging apparatus according to the third 
prior art is unsuitable for close-up. 
[0061] Further, in the semiconductor imaging appa- 
ratus according - to the rthird vprior : artr m/n becomes; 2 
depending upon the expression (2) when the height of 
the close-up image is set to 5 mm, and the light receiv- 
ing surface of the solid state imaging device for image 
pickup is set to about 1 0 mm. 

[0062] Hence, if the distance n between the pinhole 
and the object is set to 400 mm or more (which is a typ- 
ical value in the prior art pinhole camera) in the semi- 
conductor imaging apparatus according to the third prior 
art, the distance m between the pinhole and the light 
receiving surface becomes 800 mm or more, resulting in 
a large-sized black box in the semiconductor imaging 
apparatus according to the third prior art. 
[0063] Further, in the semiconductor imaging appa- 
ratus according to the third prior art, the pinhole has the 
diameter in the approximate range of several tens to 
several hundreds microns. As a result, as described 
above, the distance between the pinhole and the light 
receiving surface of the imaging pickup device is inevi- 
tably extended in the semiconductor imaging apparatus 
according to the third prior art. In view of the above 
expression (1) with these facts, it is shown that the sem- 
iconductor imaging apparatus according to the third 
prior art has a problem of the resultant unclear image 
due to the increased diameter d by the diffraction. 
[0064] In contrast with this, in the embodiment, 
when the height b of the close-up object is set to 5 mm, 
and the light receiving surface of the imaging pickup 
device to receive light from the image is set to about 1 0 
mm, it is possible to fix to 10 mm the distance between 



the pinhole 6 and the light receiving surface of the imag- 
ing pickup device by setting to 5 mm the distance n 
between the pinhole 6 and the object 16, thereby pro- 
viding a small-sized black box. Alternatively, if the dis- 

5 tance n between the pinhole 6 and the object 16 is set 
to 5 mm, and the distance between the pinhole 6 and 
the light receiving surface of the imaging pickup device 
is set to 5 mm, it is possible to pick up an image having 
a size identical with that of the object, and make a black 

10 box smaller. That is, it is possible to provide an image 
m/n times as large as the object by disposing the object 
at a position spaced n apart from the pinhole with 
respect to the length m between the pinhole and the 
light receiving surface of the imaging pickup device. 

15 [0065] Although the embodiment has been 
described in case of the distance of 5 mm between the 
pinhole 6 and the object 16, it is possible to pick up a 
clear close-up image as long as the distance is set to 2 
cm or less. Further, though the distance between the 

20 pinhole 6 and the light receiving surface of the image 
pickup device 2 was set to 7.5 mm in the experiment, it 
is also possible to pick up a clear image as long as the 
distance is set to 10 mm or less, or is preferably in the 
range of 5 to 10 mm. 

25 [0066] A discussion will how be given of a relation- 
ship between the pinhole and the outside air. 
[0067] In the embodiment, as shown in Fig. 1, any 
component is not mounted on a ; top surface of the pin- 
hole so'-fhat the'black ; bbx contacts with' the outside air. 

30 However, when the pinhole has a microscopic diameter 
as set forth above, in the black box, a closed space is 
formed to hardly cause condensation because of a slow 
variation in temperature. Only condensation on each 
cell has an effect on the CCD used as the image pickup 

35 device, resulting in slight degradation of definition of the 
image. On the other hand, with a lens camera instead of 
the pinhole, a lens is brought into direct contact with the 
outside air in convection so that the condensation is 
immediately caused on the lens by an effect of a differ- 

40 ence in temperature. Further, since the condensation is 
extended on a light-sensitive surface by the lens with a 
small diameter, a great scattering of light is caused even 
by a little condensation! 

[0068] A description will now be given of an imaging 
45 operation of the solid state close-up imaging apparatus 
having the above structure. 

[0069] The black box 1 can take in external light 
through the pinhole 6 provided in the light shielding 
plate 7. Light to be imaged from the object 1 6 is taken in 

so through the pinhole 6, and produces a two-dimensional 
image on the light receiving surface 3 of the image 
pickup device 2 through the action of imaging by the pin- 
hole 6. The light receiving surface 3 of the image pickup 
device 2 is a two-dimensional light receiving device, and 

55 the image pickup device 2 converts the image into an 
electric signal. In the embodiment, the image pickup 
device has 330- by 350-pixel resolution. 
[0070] The electric signal from the image pickup 
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device 2 is transmitted to the image processing portion 
32 shown in Fig. 6 through the printed board 5, and the 
flexible printed board 8. The image processing portion 
32 takes as input an image signal from the imaging por- 
tion 20, and performs signal processing to display the 5 
image on a display unit 33. In the embodiment, the sig- 
nal processing converts the input signal into a video sig- 
nal. By displaying the video signal on the display unit 33 
such as TV screen, it is possible to display the image of 
the object 16. io 
[0071] As set forth above, in the embodiment, 
according to the facts shown by the above experiments, 
the pinhole is set to have the diameter less than 0.3 
mm, and the distance between the pinhole and the light 
receiving surface of the image pickup device is set to 1 0 75 
mm or less. As a result, it is possible to pick up an image 
having great depth of field, and pick up a clear image. 
Further, it is possible to make the black box smaller, and 
image a magnified occlusion portion, such as portion in 
a human body or a narrow gap, which can not directly 20 
be observed by the naked eye. 

[0072] Further, the object is irradiated with the light 
from the light emitting device 4, and a desired image is 
obtained on the principle of the pinhole camera by using 
the light reflected at the object. It is thereby possible to 25 
solve a problem of an insufficient amount of light at the 
time of close-up of the object, and produce an image 
with high contrast enough to distinguish the object. 
[0073] Further, the black box takes in the light 
reflected at the object disposed at the close position 30 
through the pinhole provided in the black box to have 
the predetermined diameter. The image of the object is 
produced on the light receiving surface of the image 
pickup device disposed in the black box. The light 
reflected at the object produces the image on the light 35 
receiving surface of the image pickup device through 
the action of imaging by the pinhole. It is thereby possi- 
ble to realize production of the image by the reflected 
light by using the pinhole instead of the lens. 
[0074] Since no lens is used for the imaging, it is 40 
possible to avoid the following drawbacks caused at a 
time of use of the lens. In the first drawback, with the 
lens for the imaging, a high-precision lens supporting 
frame is required to support, with a high degree of pre- 
cision, a shift of the lens with respect to an optical axis, 45 
curvature of the lens, the distance between the ,lens, 
and the distance between the lens and the image 
pickup device. In the second drawback, soft handling is 
required, and vibration and shock must be avoided for 
the lens. In the third drawback, the heavy lens inevitably so 
requires a heavy lens frame for supporting the lens. In 
the fourth drawback, the lens has problems such as 
dark image, and partially unsharp image due to dirt on 
the lens, and another problem of an unclear image due 
to the condensation. In the fifth drawback, since use of 55 
the lens results in shallow depth of field, only a part of 
the object having the greater depth can properly be 
focused. 



[0075] In contrast with this, in the embodiment/the 
pinhole is used instead of the lens to enable the produc- 
tion of the image by the light to be imaged. It is thereby 
possible to eliminate the need for the lens, and prevent 
the above drawbacks. 

[0076] Further, since the black box has the trun- 
cated quadrangular prism form, it is possible to direct 
toward the object the light emitting device extending 
along the side surface of the black box, and obtain a 
dear image even in the imaging of the occlusion portion 
such as portion in the human body or the narrow gap. 
[0077] While the embodiment has been described 
by using the black box with the truncated quadrangular 
prism form, the black box may be provided in the trun- 
cated polygonal pyramid form or the truncated circular 
cone form. By using the black box with any one of these 
forms, it is also possible to direct toward the object the 
light emitting device extending along the side surface, 
and obtain a clear image even in the imaging of the 
occlusion portion such as portion in the human body or 
the narrow gap. 

[0078] Referring now to Fig. 7, a description will be 
given of the second embodiment according to the solid 
state close-up imaging apparatus of the present inven- 
tion. Fig. 7 is a perspective view showing a periphery of 
a black box of the solid state close-up imaging appara- 
tus of the present invention. 

[0079] In the solid state close-up imaging apparatus 
of the embodiment, as shown in Fig. 7, a black box 1 is 
provided in the gable roof form, and a pinhole 6 is pro- 
vided at a center of a ridge line thereof. Further, light 
emitting devices 4 are disposed to extend along the 
both side slopes. 

[0080] It is thereby possible to provide the same 
effects as those in the first embodiment, and irradiate an 
object 16 with light from the two light emitting devices at 
different angles so as to more clearly pick up even small 
details of image. 

[0081] Referring now to Fig. 8, a description will be 
given of the third embodiment according to the solid 
state close-up imaging apparatus of the present inven- 
tion. Fig. 8 is a perspective view showing a periphery of 
a black box of the solid state close-up imaging appara- 
tus of the present invention. 

[0082] In the solid state close-up imaging apparatus 
of the embodiment, as shown in Fig. 8, a black box 1 is 
provided in the hemispherical form, and a pinhole 6 is 
provided at a vertical position of the hemisphere. Fur- 
ther, as shown in Fig. 8, light emitting devices are dis- 
posed to extend along a spherical surface of the 
hemisphere. 

[0083] In the structure, it is also possible to provide 
the same effects as those in the first and second 
embodiments. 

[0084] While the above embodiments have been 
described as preferred embodiments of the present 
invention, it is to be understood that the invention should 
not be limited to this, and changes and variations may 



7 



BNSDCCID: <EP 1 07961 2A2J_> 



13 



EP 1 079 612 A2 



14 



be made without departing from the spirit of the inven- 
tion. 

[0085] For example, the image pickup device 2 can 
pick up a black-and-white image or a color image. 
Although the embodiments have structures to pick up a s 
dynamic image, the same effects can be obtained in 
another structure to pick up a static image. While only 
the image pickup device is contained on the printed 
board in the imaging portion, the image processing por- 
tion can also be contained in the imaging, portion if the 10 
image processing portion can be made smaller. 
Although the pinhole diameter is set to 0.2 mm in the 
embodiments described above, the pinhole diameter 
may be varied within the spirit of the present invention, 
i.e., may be less than 0.3 mm in view of luminous inten- is 
sity of the light emitting device/spectral reflectivity of the 
object, definition of the image, and sensitivity of the 
image pickup device. Further, the video signal is used 
as the. output signal fed to the display unit, but the same 
effects: can be provided as long as any type of picture 20 
signal including, for example, digital signal may be used. 
Although the image pickup device and the light emitting 
device are contained on the printed board, the same 
effects can be provided by mounting therrhon the flexible 
printed board. While the optical axis of the imaging is 25 
directed perpendicular to a direction in which the flexible 
printed board is withdrawn in the above discussion, the* 
same effects, of the present invention :can :be provided 
even wheatheoptical axis is.-set.ima desired direction. 
Further* instead of irradiating the object with the light 30 
from the one light, emitting device, two or more light 
emitting devices may be used to image the object. In 
addition, a cover may be substituted for the printed 
board forming the partial black box. Although the light 
emitting device is employed in the above-mentioned 35 
embodiments, the object may be- irradiated with light 
which is emitted at a position apart from the. black box, 
and is introduced via an optical fiber. Further, the same 
effects can be obtained by providing the black box in a 
combination of the frustum form, the gable roof form, 40 
and the hemispherical form. 

[0086] As is evident fronrvthe above description, in 
the solid state close-up imaging apparatus of the 
present invention, the object is irradiated with the light 
from the light irradiating means, and the desired image as 
is obtained on the principle of the pinhole camera by 
using the light reflected at the object It is thereby possi- 
ble to solve the problem of the insufficient amount of 
light at the time of close-up of the object, and produce 
the image with high contrast enough to distinguish the so 
object. 

[0087] Further, the black box takes in the light 
reflected at the object ^disposed at the close position 
through the pinhole provided in the black box to have 
the predetermined diameter. The image of the object is ss 
produced on the light receiving surface of the image 
pickup device disposed in the black box. The light 
reflected at the object produces the image on the light 



receiving surface of the image pickup device through 
the action of imaging by the pinhole. It is thereby possi- 
ble to realize production of the image by the reflected 
light by using the pinhole instead of the lens. 
[0088] Since the pinhole is substituted for the lens 
to enable the production of the image by the reflected 
light, it is possible to avoid the following drawbacks 
caused at the time of use of the lens. 
[0089] In the first drawback, with the lens for the 
imaging, the high-precision lens supporting frame is 
required to support, with the high degree of precision, 
the shift of the lens with respect to the optical axis, the 
curvature of the lens, the distance between the lens, 
and the distance between the lens and the image 
pickup device. In the second drawback, the soft han- 
dling is required, and the vibration 1 and the shock must 
be avoided forthe lens: Jh the third drawback, the heavy 
lens inevitably requires the heavy lens frame for sup- 
porting the lens. In the fourth drawback, the lens has 
problems such as dark image, and partially unsharp 
image due to the dirt on the lens, and another problem 
of the unclear image due to the condensation. In the fifth 
drawback; since use of the lens results in the shallow 
depth of field, only -the part of the object -having the 
greater depth can properly be focused. 
[0090] Further, the black box is formed such that, 
with the pinhole having^the' microscopic hole diameter 
less than 0.3 mm, the^distance between the pinhole and 
the- light receiving Surface of th e image pickup device is 
set to TO mm or less. As a result, it is possible to pick up 
the image having the great depth of field; and pick up 
the clear image. Additionally, it is possible to make the 
black box smaller; and image the magnified occlusion 
portion, such as portion in the human body or the nar- 
row gap, which can not directly be observed by the 
naked eye. 

[0091] It is also possible to provide the image m/n 
times as large as the object by disposing the object at 
the position spaced n apart from the pinhole with 
respect to the length m between the pinhole and the 
light receiving surface of the imaging pickup device. 
[0092] Further, the black box is provided in any one 
of the frustum form, the gable roof form, and the hemi- 
spherical form. It is thereby possible to direct toward the 
object the light irradiating means extending along the 
side surface of the black box, and obtain the clear 
image. 

Claims 

1. A solid state close-up imaging apparatus for pin- 
hole type to pick up images, the solid state close-up 
imaging apparatus comprising: 

light irradiating means for irradiating an object 
with light, 

wherein the object is disposed at a close posi- 
tion to the apparatus, and the desired image 
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being obtained by taking in the light irradiated 
by the light irradiating means and reflected at 
the object surface. 

2. A solid state close-up imaging apparatus for pin- 5 
hole type to pick up images, the solid state close-up 
imaging apparatus comprising light irradiating 
means for irradiating an object with light, wherein 
the object is disposed at a close position to the 
apparatus, and the desired image being obtained 10 
by taking in the light irradiated by the light irradiating 
means and reflected at the object surface, and 

the black box takes in the light reflected at the 
object disposed at the close position from is 
through a pinhole provided in the black box to 
have a predetermined pinhole diameter, and 
the image of the object being produced on a 
light receiving surface of an image pickup 
device disposed in the black box. 20 

3. A solid state close-up imaging apparatus according 
to claim 2, wherein the pinhole is formed to have a 
diameter less than 0.3 mm, and the image pickup 
device being disposed at a position close to the pin- 25 
hole. 

4. A solid state close-up imaging apparatus according 
to claim 3, wherein the black box is formed to have 

a distance of 10 mm or less between the pinhole 30 
and a light receiving surface of the image pickup 
device. 



9. A solid state close-up imaging apparatus according 
to any one of claims 2 to 5, wherein the solid state 
close-up imaging apparatus picks up an image of 
the object spaced 2 cm or less apart from the pin- 
hole. 

10. A solid state close-up imaging apparatus according 
to any one of claims 1 to 9, wherein the solid state 
close-up imaging apparatus sets to 5 mm or less a 
height of an object to be imaged. 

11. A solid state close-up imaging apparatus according 
to any one of claims 2 to 1 0, wherein the black box 
is provided in the frustum form. 

12. A solid state close-up imaging apparatus according 
to any one of claims 2 to 1 0, wherein the black box 
is provided in the gable roof form. 

13. A solid state close-up imaging apparatus according 
to any one of claims 2 to 1 0, wherein the black box 
is provided in the hemispherical form. 

14. A solid state close-up imaging apparatus according 
to any one of claims 1 1 to 13, wherein the light irra- 
diating means is disposed to extend along a side 
surface of the black box so as to irradiate with light 
the object disposed in front of the pinhole. 

15. A solid state close-up imaging apparatus according 
to any one of claims 2 to 14, wherein the image 
pickup device is a charge coupled device. 



5. A solid state close-up imaging apparatus according 
to claim 3, wherein the black box is formed to have 
a distance in the range of 3 to 10 mm between the 
pinhole and a light receiving surface of the image 
pickup device. 

6. A solid state close-up imaging apparatus according 
to any one of claims 2 to 5, wherein the object is 
disposed at a position spaced a distance substan- 
tially equivalent to a length between the pinhole and 
a light receiving surface of the image pickup device. 

7. A solid state close-up imaging apparatus according 
to any one of claims 2 to 5, wherein the object is 
disposed at a position spaced substantially one half 
a length between the pinhole and a light receiving 
surface of the image pickup device. 

8. A solid state close-up imaging apparatus according 
to any one of claims 2 to 5, wherein the object is 
disposed at a position spaced n apart from the pin- 
hole with respect to a length m between the pinhole 
and a light receiving surface of the imaging pickup 
device. 



16. A solid state close-up imaging apparatus according 
35 to any one of claims 2 to 14, wherein the image 

pickup device is a CMOS image sensor. 

17. A solid state close-up imaging apparatus according 
to any one of claims 2 to 16, wherein a bottom sur- 

40 face of the black box includes a printed circuit 

board. 

18. A solid state close-up imaging apparatus according 
to any one of claims 2 to 1 6, wherein a bottom sur- 

45 face of the black box includes a flexible printed cir- 

cuit board. 

19. A solid state close-up imaging apparatus according 
to any one of claims 1 to 1 8, wherein the light irradi- 

50 ating means includes a light emitting diode or a 

laser diode. 

20. A solid state close-up imaging apparatus according 
to any one of claims 1 to 1 8, wherein the light irradi- 

55 ating means introduces light emitted by a light emit- 

ting device to the object via an optical fiber, and 
irradiates the object 



BNSDOCID: <EP 1 07961 2A2.I_> 



9 



EP 1 079 612 A2 




BNSDOCID: <EP 1 07961 2A2_L> 



10 



EP 1 079 612 A2 



F I G. 2 




11 

BNSDOCID: <EP 1 07961 2A2_I_> 



EP 1 079 612 A2 



FI G. 3 




BNSDOCID: <EP 107961 2A2_I_> 



12 



EP 1 079 612 A2 



FI G. 4 




BNSDOCID: <EP 1 07961 2A2J. 



13 



EP1 079 612 A2 



F I G. 5 



14 



BNSDOCID: <EP 1 07961 2A2_I_> 



EP 1 079 612 A2 



LIGHT 



F I G. 6 



IMAGING 




PORTION 





y 

20 



IMAGE 
PROCESSING 
PORTION 

5 

32 





DISPLAY 




UNIT 



y 

33 



BNSDOCID: <EP 1079612A2_I_> 



15 



EP 1 079 612 A2 





16 



BNSDOCID: <EP 1 07961 2A2_I__> 



EP 1 079 612 A2 



F I G. 9 





IMAGE- 
AMPLIFICATION 
PROCESSOR 



•45 



CRT 



-46 



EP1 079 612 A2 



F I G. 11 




BNSDOCID: <EP 1 07961 2A2J_> 



iiiiinigiuiiviiiiiii 

(11) EP 1 079 612 A3 

(12) EUROPEAN PATENT APPLICATION 

(88) Date of publication A3: ( 51) , nt C |7: H04N 5/335, H04N 5/225 

02.10.2002 Bulletin 2002/40 

(43) Date of publication A2: 

28.02.2001 Bulletin 2001/09 

(21) Application number: 00117302.0 



(22) Date of filing: 18.08.2000 



(84) Designated Contracting States: 


(71) Applicant: NEC CORPORATION 


AT BE CH CY DE DK ES Fl FR GB GR IE IT LI LU 


Tokyo (JP) 


MC NL PT SE 




Designated Extension States: 


(72) Inventor: Ishida, Haruyasu 


AL LT LV MK RO SI 


Chofu-shi, Tokyo (JP) 


(30) Priority: 23.08.1999 JP 23522499 


(74) Representative: VOSSIUS & PARTNER 




Siebertstrasse 4 




81675 Munchen (DE) 



(54) Solid state close-up imaging apparatus 



(57) A solid state close-up imaging apparatus is 
mounted to take in light reflected at a microscopic object 
to carry out photoelectric conversion of a formed image 
through an image pickup device. The solid state close- 
up imaging apparatus includes a black box with the trun- 
cated quadrangular prism form having an internal black 
space and having the image pickup device accommo- 
dated in the black space, and a pinhole provided in a 



(19) 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



top surface of the black box with the truncated quadran- 
gular prism form, and a light emitting device mounted to 
extend along a side surface of the black box with the 
truncated quadrangular prism form. It is thereby possi- 
ble to eliminate the need for lens, and provide the com- 
pact and lightweight solid state close-up imaging appa- 
ratus which can be moved to a desired position forclose- 



F I G. 1 




Printed by Jouve, 75001 PARIS (FR) 

P 1079612A3_I_> 



EP 1 079 612 A3 



3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Numtwr 

EP 00 11 7302 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



EP G 847 024 A (YAMATAKE HONEYWELL CO LTD) 
10 June 1998 (1998-06-10) 

* page 6, line 40 - page 7, line 58 * 

* page 10, line -10 - line 20 * 

* page 11* line 46 - line 52 * 

* page 13, line 2 - line 52 * 

*■ page 15, line 55 - page 16, line 8 * 

* figures 2,17 * 

PATENT ABSTRACTS OF JAPAN 

vol . 1999!, no.. 13, 

30 NovOTber 1999 (1999-11-30) 

& JP 11 218406 A (TANI DENKI KOGYO KK) , 

10 August 1999 (1999-08-10) 

* abstract * 



Relevant 
to claim 



1,2,8, 
15,19 



* paragraph [0017] 

* paragraph [0028] 

* figure 1 * 



paragraph [9020] 



CLASSIFICATION OFTHE 
APPLICATION (lm.Ct.7) 



H04N5/335 
H04N5/225 



1,20 



11,14 



PATENT ABSTRACTS OF JAPAN 

vo l . 1997; no. 07, 

31 July 1997 (1997,-07-31) 

6 JP 09 062831 A (HITACHI ENG CO LTD), 

7 March 1997 (1997-03-07) 
* abstract * 



The present search report has been drawn up for all claims 



Place of search 

THE HAGUE 



Date ol oompletion of ihe saarcri 

12 August 2902 



TECHNICAL FIELDS 
SEARCHED <lnt.CL7) 



o 



CATEGORY OF CITED DOCUMENTS 

X : particularly retevanl if taken alone 

Y : particularly retevant if combined witii another 

document ol iha same category 
A : technological background 
O r non-wrttten disclosure 
P : iniermediato document 



H04N 
G03B 



Examiner 



Didierlaurent, P 



T : theory oi principle underlying the invention 
E : earlier patent document, but published on, or 

after the filing date 
D : document cited In the application 
L : document cited for other reasons 

& : member of the same patent family, corresponding 
documem 



BNSDOCID:<EP 1079612A3 I > 



2 



EP 1 079 612 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 06 11 7302 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnl.CI.7) 



PATENT ABSTRACTS OF JAPAN 
vol. 2000. no. 05, 
14 September 2000 (2000-09-14) 
4 OP 2000 056099 A (NIKON CORP), 
25 February 2009 (2000-02-25) 

* abstract * 

& US 6 324 255 A (NIKON TECHNOLOGIES) 
27 November 2001 (2Q01-11-27) 

* column 4, line 35 - column 6, line 57 * 

* column 11, line 10 - column 12, line 7 ' 

* column 13, line 43 - column 14, line 20 

* figure 1 * 

US 4 329 037 A (CAVINESS THEODORE G) 
11 May 1982 (1982-05-11) 

* column 1, line 66 - column 2, line 4 * 

* figure 2 * 



1-3,8, 
10,15 



The present search report has been drawn up for all claims 



12 



TECHNICAL FIELDS 
SEARCHED <lntCI.7) 



Place o< search 

THE HAGUE 



Dato of oompletbn of lha search 

12 August 29Q2 



Examiner 

Didierlaurent, P 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant il combined with another 

documeni ol the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earter patent document, but published on, or 

alter the filing date 
D : document ctted in the application 
L : document cited for other feasons 



& : member ol the same patent tamily. corresponding 
document 



BNSDOCID: <BP 1 07961 2A3_I_> 



3 



EP 1 079 612 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 90 11 7382 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Off ice, ED R file on . 

The European Patent Office is in no way liabte for these particulars which are merely given (or the purpose of information. 

12-08-2002 



Patent document 
cited in search report 



Publication 
date 



Patent family 
member(s) 



Publication 
date 



EP 


0847024 


A 


10- 


-06- 


1998 


JP 


3120272 B2 


25-12-2000 














JP 


10171968 A 


26-06-1998 














JP 


11015948 A 


22-91-1999 














JP 


11015949 A 


22-91-1999 














JP 


11102431 A 


13-04-1999 














JP 


11102432 A 


13-94-1999 














EP 


0847024 A2 


10-06-1998 














US 


6185319 Bl 


06-02-2001 


JP 


11218406 


A 


10- 


■08- 


1999 


NONE 






JP 


09062831 


A 


07- 


■03- 


■1997 


NONE 






JP 


2000656099 


A 


25- 


•82- 


2000 


US 


6324255 Bl 


27-11-2001 


US 


4329Q37 


A 


11- 


■05- 


1982 


NONE 







o 

uj For more details about this annex : see Official Journal of the European Patent Office, No. 1 2/82 



BNSDOCID: <EP 1 07961 2A3_I_> 



4 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



VI FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




